The Na/K ratio may be more strongly related to blood pressure and cardiovascular disease than sodium or potassium. The casual urine Na/K ratio can provide prompt on-site feedback, and with repeated measurements, may provide useful individual estimates of the 24-h ratio. The World Health Organization has published guidelines for sodium and potassium intake, but no generally accepted guideline prevails for the Na/K ratio. We used standardized data on 24 h and casual urinary electrolyte excretion obtained from the INTERSALT Study for 10,065 individuals aged 20-59 years from 32 countries (52 populations). Associations between the casual urinary Na/K ratio and the 24-h sodium and potassium excretion of individuals were assessed by correlation and stratification analyses. The mean 24-h sodium and potassium excretions were 156.0 mmol/24 h and 55.2 mmol/24 h, respectively; the mean 24-h urinary Na/K molar ratio was 3.24. Pearson's correlation coefficients (r) for the casual urinary Na/K ratio with 24-h sodium and potassium excretions were 0.42 and −0.34, respectively, and these were 0.57 and −0.48 for the 24-h ratio. The urinary Na/K ratio predicted a 24-h urine Na excretion of <85 mmol/day (the WHO recommended guidelines) with a sensitivity of 99.7% and 94.0%, specificity of 39.5% and 48.0%, and positive predictive value of 96.3% and 61.1% at the cutoff point of 1 in 24 h and casual urine Na/K ratios, respectively. A urinary Na/K molar ratio <1 may be a useful indicator for adherence to the WHO recommended levels of sodium and, to a lesser extent, the potassium intake across different populations; however, cutoff points for Na/K ratio may be tuned for localization.
Introduction
The World Health Organization (WHO) has recommended that individuals reduce sodium (Na) and increase potassium (K) intake to lower blood pressure (BP) and improve cardiovascular health [1, 2] ; however, large gaps remain between actual and recommended levels [3] [4] [5] [6] . The commonly used formulas to estimate 24-h urine (gold standard for estimating dietary intake) for Na and K from casual urine contain both random and systematic errors [7] [8] [9] . These formulas are for population estimates rather than individual estimates; repeated measurements may minimize the random error introduced from the enormous intra-individual variability, although systematic error contained in these formulas cannot be reduced.
Emerging evidence suggests that the urinary Na/K ratio, as a measure of relative intake, may be more strongly related to BP and cardiovascular disease (CVD) risk than Na and K considered separately [6, [10] [11] [12] [13] [14] [15] [16] . Previous findings have indicated that casual urine Na/K ratio estimates of the 24-h urine Na/K ratio contain less systematic error [17] [18] [19] . Repeated measurements of the casual urine Na/K ratio may minimize both systematic and random errors [18] [19] [20] ; this method may be useful for estimation in individuals. Measurement of the casual urine Na/K ratio also has the potential for providing prompt feedback to individuals using a self-monitoring device [21] . However, it has not yet been established what levels of the urinary Na/K ratio correspond to particular levels of Na or K excretion in diverse demographic groups, i.e., cutoff values set in guidelines. Setting a goal for the Na/K ratio may be helpful to support efforts to reduce Na and increase K for individuals, and reduce the gaps between the actual and recommended target levels of Na and K intake in individuals and populations.
The present study used highly standardized data from 24 h and casual urine from the International Cooperative Study on Salt, Other Factors, and Blood Pressure (INTERSALT) [22, 23] to address two main aims. The first aim was to analyze the associations of casual and 24-h urinary Na/K ratios with 24-h urinary Na and K excretion. The second aim was to investigate the sensitivities, specificities and positive predictive values at different levels of the Na/K ratio that appear to meet the WHO guidelines for Na and K intake (Na: <85 mmol/day, K: >90 mmol/day) [1, 2] , based on Na and K measured in a single 24-h urine collection. Our overall goal was to contribute to achieving a guideline for the Na/K ratio that may then be used to monitor Na and K intake.
Methods

Population samples and participants
A total of 10,079 men and women aged 20-59 years from 52 population samples of 32 countries participated in INTERSALT [6, 10, [22] [23] [24] . The data for 14 persons were excluded due to missing data on either casual urine Na or K excretion; hence, the data for 10,065 participants were analyzed here. Field work took place between 1985 and 1987. Each study center was asked to recruit 200 men and women, stratified by age and sex, from samples selected randomly or by sampling from whole population groups. Institutional ethics committee approval was obtained for each collaborating center, and all participants gave informed consent.
Urinary measurements and data set
INTERSALT collected standardized data on casual urinary Na and K concentrations, and also on timed 24-h urinary Na and K excretions. To avoid under-and overcollection, start and end times of the 24-h urine collection were supervised by clinic staff [22, 23] . Each participant was asked to empty his or her bladder completely when starting (specimen not included as part of 24-h urine collection, saved as casual urine) and ending the collection (specimen included as part of 24-h urine collection). Twenty-four-hour urine collections were rejected if the participant reported that "more than a few drops" were missing from the collection, if the 24-h urinary volumes were <250 ml, or if the timing of the collection fell outside the 20-to 28-h range [22, 23] . Aliquots of the casual and 24-h urinary specimens were sent frozen to a central laboratory (Leuven, Belgium) for urinary biochemistry, including Na (mmol) and K (mmol), by emission flame photometry [22] .
Statistical analyses
The Na/K ratio and Na and K intake were estimated based on urinary excretions (corrected to 24 h). The associations between the casual urinary Na/K ratio and 24-h urinary excretions of Na and K in individuals were analyzed by correlation analysis. The associations between the 24-h urinary Na/K ratio and excretions of Na and K of individuals were also analyzed; urinary Na/K ratios of casual and 24-h urine stratified in one unit (mmol/mmol) intervals were compared with 24-h urinary Na excretion and K excretion, and the positive predictive values for satisfying the recommended cutoff levels of Na and K intake in WHO guidelines (urinary Na excretion <85 mmol/day [∼2 g/day of Na, 5 g/day of NaCl], and urinary K excretion ≥90 mmol/ day [∼3.51 g/day of K]) [1, 2] .
The receiver operating characteristic (ROC) curves explored the relationship between the urinary Na/K ratio of either casual or 24-h urine and either 24-h urine Na excretion <85 mmol/day or 24-h urine K excretion ≥90 mmol/day. Furthermore, the relationships between either the casual urine Na or K concentration and either 24-h urine Na excretion <85 mmol/day or 24-h urine K excretion ≥90 mmol/day, and those between either the casual urine Na/ creatinine ratio or K/creatinine ratio and either 24-h urine Na excretion <85 mmol/day or 24-h urine K excretion ≥90 mmol/day were also explored.
Results
Descriptive statistics and associations among urinary variables
The mean 24-h urinary Na excretion was 156.0 mmol/24 h, and the mean 24-h urinary K excretion was 55.2 mmol/24 h. The mean 24-h urinary Na/K ratio was 3.24 (Table 1 and  Supplementary Table 1 ). The mean casual urinary Na/K ratio was 2.85 (Table 1 and Supplementary Table 1 ).
Pearson's correlation coefficients for the Na/K ratio of casual urine with Na and K excretions of 24-h urine were 0.42 and −0.34 in individuals, and 0.68 and −0.76 in populations, respectively ( Fig. 1 and Supplementary  Figs. 1-3 ). Pearson's correlation coefficients for the Na/K ratio of 24-h urine with Na and K excretions of 24-h urine were 0.57 and −0.48 in individuals, and 0.72 and −0.67 in populations, respectively.
Urinary Na/K ratio compared with the recommended level in WHO Na guideline (85 mmol/ day: ∼2 g/day of Na, 5 g/day of NaCl)
The Na/K ratios of casual urine and 24-h urine stratified into 1-unit intervals were positively associated with the 24-h urinary Na excretion (Fig. 2) . The ROC curves explored the relationship between 24-h urine Na/K ratio and 24-h urine Na excretion <85 mmol/day, and those between casual urine variables (Na concentration, Na/K and Na/creatinine ratio) and 24-h urine Na excretion< 85 mmol/day (Fig. 3 ). The area under the ROC curve for the relationship between 24-h urine Na/K ratio and 24-h urine Na excretion< 85 mmol/day was the highest (0.838 [95% CI: 0.826-0.850]) compared with the corresponding area under the ROC curve for 24-h urine Na excretion and casual urine values of Na concentration, and Na/K and Na/creatinine ratios; however, those for the relationship between casual urine Na/K ratio and 24-h urine Na excretion< 85 mmol/day (0.785 [95% CI: 0.771-0.798]) were lower than those for the relationship between 24-h urine Na/Creatinine ratio and 24-h urine Na excretion <85 mmol/day (0.819 [95% CI: 0.807-0.832]), and those for the relationship between 24-h urine Na concentration and 24-h urine Na excretion <85 mmol/day (0.799 [95% CI: 0.787-0.812]).
The 24-h urinary Na/K ratio predicted 24-h urine Na excretion <85 mmol/day (the WHO recommended guideline) with a sensitivity of 99.7% and 85.7%, specificity of 39.5% and 67.0%, and positive predictive value of 96.3% and 47.8% at the cutoff points 1 and 2 of 24-h urine Na/K ratio, respectively (Fig. 3 , Table 2 and Supplementary  Tables 2 and 3 ). The casual urinary Na/K ratio predicted 24-h urine Na excretion <85 mmol/day (the WHO recommended guideline) with a sensitivity of 94.0% and 66.3%, specificity of 48.0% and 73.0%, and positive predictive value 61.1% and 29.7% at the cutoff points 1 and 2 of casual urine Na/K ratio, respectively.
The area under the ROC curve for the relationship between 24-h urine Na/K ratio and 24-h urine Na excretion <85 mmol/day was similar among age, gender, and antihypertensive medication subgroups; however, the area under the ROC curve was larger among Native American Details of the definition of ethnic groups are defined in reference 22. Proportion of study participants in specific ethnic groups by populations and the data for sodium, potassium, Na/K ratio and urine volume are previously published in reference 16 and in [34] SD standard deviation, Na/K ratio sodium-to-potassium ratio a Native American individuals are recruited from native tribes in Northern and Southern American continent Supplementary  Fig. 4 ). Similar findings were observed for the area under the ROC curve for the relationship between casual urine Na/K ratio and 24-h urine Na excretion <85 mmol/day ( Supplementary Fig. 5 ).
Urinary Na/K ratio compared with the recommended level in WHO K guideline (90 mmol/ day: ∼3.51 g/day of K) Na/K ratios of casual urine and 24-h urine stratified into 1-unit intervals were inversely associated with the 24-h urinary K excretion (Supplementary Tables 2 and 3 ). The ROC curves explored the relationship between 24-h urine Na/K ratio and 24-h urine K excretion ≥90 mmol/ day, and those between casual urine variables (K concentration, Na/K and K/creatinine ratio) and 24-h urine K excretion ≥90 mmol/day. The area under the ROC curve calculated for predicting 24-h urine K excretion ≥90 mmol/day was lower than those for 24-h Na excretion <85 mmol/day among these urinary variables (Fig. 3) . The area under the ROC curve for the relationship between 24-h urine Na/K ratio and 24-h K excretion ≥ 90 mmol/day was the highest (0.795 [95% CI: 0.783-0.808]) compared with the corresponding area under the ROC curve for 24-h urine K excretion and casual urine values of K concentration, and the Na/K and K/creatinine ratios (Fig. 3) .
The 24-h urinary Na/K ratio predicted 24-h urine K excretion ≥90 mmol/day (the WHO recommended guideline) with a sensitivity of 94.7% and 80.6%, specificity of 21.3% and 58.4%, and positive predictive value of 28.6% and 22.9% at the cutoff points 1 and 2 of the 24-h urine Na/ K ratio, respectively (Fig. 3, Supplementary Tables 2 and  3 ). The casual urinary Na/K ratio predicted 24-h urine Na excretion <85 mmol/day (the WHO recommended guideline) with a sensitivity of 88.9% and 62.8%, 
Prevalence of low casual and 24-h urine Na/K ratio among ethnic subgroups
In ethnic subgroups, 71.8% of Native Americans showed a casual urinary Na/K ratio of <1, and 69.1% of Native Americans showed a 24-h urinary Na/K ratio of <1 (Supplementary Tables 4 and 5) . However, few individuals in other subgroups showed casual and 24-h urinary Na/K ratios of <1 (Supplementary Tables 4 and 5 ).
Discussion
The main findings from the INTERSALT Study data here are that the urinary Na/K ratio predicted 24-h urine Na excretion <85 mmol/day (∼2 g/day of Na, 5 g/day of NaCl) with a sensitivity of over 90% for urinary Na/K ratio <1 and over 60% for urinary Na/K ratio <2 in both 24 h and casual urine. The positive predictive value of a urinary Na/K ratio of <1 for predicting the recommended level of Na intake ( < 85 mmol/day) reached over 61% of people with casual urine and over 96% with 24-h urine, and, to a lesser extent, the K intake set down in WHO guidelines [1, 2] . Thus, the urinary Na/K ratio could serve as a surrogate marker for monitoring Na and K intake in populations and individuals.
The dietary and urinary Na/K ratios mainly reflect dietary habits and have several benefits compared to the measurement and use of Na and K separately [25] . The first is that studies suggest stronger associations for Na/K ratio with BP and CVD compared to Na and K considered separately [6, [10] [11] [12] [13] [14] [15] [16] . It was estimated from INTERSALT that reducing the urinary Na/K ratio from 3.09 to 1.00 could potentially lower BP by 3.36 mmHg in populations, an effect that was greater than the estimated effects of reducing Na alone and increasing K alone [10] . Cook et al. reported that the Na/K ratio is a metric superior to either Na or K alone in the evaluation of CVD risk [12] . Accuracy of measurement of Na and K at the individual level is important to mitigate against paradoxical findings in association studies, e.g., in relation to CVD [26, 27] .
Casual rather than 24-h urine collections offer a lower participant burden and may be valuable for monitoring of Na and K intake and adherence to WHO guidelines. Higher correlations and better agreements are observed for the casual Na/K ratio than for casual Na or K alone when compared with 24-h urine values, especially with the use of repeated casual urine collections [17] [18] [19] . The use of formulas to estimate 24-h urinary Na excretion from a single casual urine sample depends on other parameters, such as body weight and creatinine, and may be biased [7] [8] [9] , whereas the Na/K ratio is independent of both creatinine excretion and body weight. Since the measurement of urinary creatinine is not as handy as those for measuring electrolytes, repeated casual urine Na/K ratios might be a useful and practical means of obtaining individual values of urinary Na/K ratio [18, 19] . In this regard, a self-monitoring device for urinary Na/K ratio measurement that provides prompt on-site feedback has been evaluated with a view to support an individual approach for Na reduction and K increase [21] .
Currently, there is no formal recommended cutoff value for the urinary Na/K ratio. Since the positive predictive value for predicting NaCl intake of <85 mmol/day based on a single casual urine Na/K ratio of <1 reached 61% in this study, using repeated measurements of the casual urine Na/K ratio may reduce random and systematic errors and provide a more reliable estimation of adherence to WHO guidelines. The correlation and agreement quality of the mean Na/K ratio of 4-7 repeated Fig. 2 Associations of casual urinary Na/K ratio and 24-h urinary Na/ K ratio stratified into 1-unit intervals with 24-h urinary a Na and b K excretion. Bars indicate mean values and mean ± standard deviation of either 24-h urinary Na or K excretion within each stratified value of casual urinary Na/K ratio (right bar) and 24-h urinary Na/K ratio (left bar) Fig. 3 The receiver operating characteristic (ROC) curve analysis for predicting 24-h urine Na excretion <85 mmol/day by a urinary Na/K ratio, b casual urine Na concentration and c casual urine Na/creatinine ratio. The ROC curve analysis for predicting 24-h K excretion ≥90 mmol/day by d urinary Na/K ratio, e casual urine K concentration and f casual urine K/creatinine ratio measurements of casual urine with 7-day 24-h urine Na/K ratio were similar to those of 1-2 day 24-h urine Na/K ratio with 7-day 24-h urine Na/K ratio in our previous studies [18, 19] . Furthermore, systematic error introduced from the diurnal variation of urinary Na/K ratio was minimized by repeated casual urine sampling from diverse time slots [18] [19] [20] . Thus, it is reasonable to infer that increasing the number of repeated casual urine Na/K ratio measurements will approximate to the 24-h urine Na/K ratio value; repeated measurement of casual urine Na/K ratio may deliver higher positive predictive value for predicting NaCl intake of <85 mmol/day, which may reach ∼96% (close to the value shown in this study for 1-day 24-h urine Na/K ratio). Our findings suggest that a mean urinary Na/K ratio of <1 obtained from repeated casual urine collection during our daily life may adhere to the recommended level of Na intake (<85 mmol/day); a urinary Na/K ratio of <2 may be suboptimal.
A limitation of the present study is that casual urinary and 24-h urinary data were collected only once in the majority of individuals, limiting the ability to correct for measurement errors due to high day-to-day variability in urinary Na and K excretion. The urinary Na and K excretions were used to evaluate the estimated individual Na and K intake in this study. Na and K intake might be underestimated, especially for K, since reported data indicate that 80-95% and 63-77% of dietary intakes are reflected in urinary Na and K, respectively [28] [29] [30] [31] [32] [33] . The INTERSALT data were derived from general population samples aged 20-59 years. It is unknown whether our findings are applicable to individuals outside these age ranges or to individuals with high physical activity or various diseases, e.g., diabetes, chronic kidney diseases, or atherosclerotic diseases. In INTERSALT, casual urine was obtained during daytime hours. The urinary Na/K ratio is known to show diurnal variation and is lower in the daytime hours compared to the 24-h urine value [20] . Thus, underestimation of the casual urine Na/K ratio versus the 24-h urine Na/K ratio reported here may be explained by diurnal variation in the urinary Na/K ratio [20] . However, lowering the Na/K ratio to 1 would require very strict sodium restriction in populations with low potassium intake. Setting a cutoff value of ≤103 mmol/day (NaCl ≤ 6 g/day)
≤171 mmol/day (NaCl ≤ 10 g/day)
0 ≤ Na/K ratio < SD standard deviation, NaCl sodium chloride Na/K ratio for practical implementation may need to be balanced for local dietary habits among ethnicities and populations, as seen for Na dietary guidelines set worldwide. Further studies may be required to evaluate associations between Na/K ratio levels and CVD outcomes by longitudinal studies, and assure appropriate cutoff levels to support clinical practice for localization. WHO reports suggest that achieving guidelines for both Na and K intakes would yield an Na/K ratio of ∼1.00 [1, 2] . Few people (12.8% in casual urine, 6.7% in 24-h urine; mostly in remote populations) had urinary Na/K ratio of <1 in INTERSALT, although even these proportions may be overestimated due to measurement error and the regression dilution problem [24] .
In conclusion, our findings suggest that a urine Na/K ratio of <1 could serve as a surrogate marker for reaching WHO goals for reduced Na intake and, to a lesser extent, increased K intake. Population-wide efforts are needed to reduce Na and increase K intake to achieve these goals. Repeated measurements of the Na/K ratio in casual urine may provide a ready and low participant burden means to monitor adherence to WHO guidelines at both the individual and population levels.
